REMARKS 

In view of the above amendments and following remarks, reconsideration of the rejections 
contained in the OflBce Action of November 5, 2002 is respectfully requested. 

Initially, it is noted that a number of minor editorial changes have been made to the 
specification and abstract in order to generally improve the form of the present application. 
Accordingly, it is respectfully submitted that the objections raised by the Examiner in sections 1 and 
2 on page 2 of the Office Action had been overcome. 

Attached hereto is a marked-up version of the changes made to the specification and abstract 
by the current Amendment. The attached page is captioned ' Version with Markings to Show 
Changes Made ". 

With regard to the objections raised by the Examiner, the Examiner's objection to the 
specification under 35 U.S.C. §112, first paragraph is traversed. Objection to the specification under 
the statute is inappropriate where the perceived problems with the specification are a matter of 
grammar or syntax, and not a substantive deficiency relating to the support for the claims. 
Accordingly, for this reason alone, the Examiner's objection should be withdrawn. 

On page 3 of the Office Action, the Examiner rejected claims 1-14 as being anticipated by 
U.S. Patent 6, 1 1 1,250 to Thomson. However, it is respectfully submitted that the present invention, 
as set forth in prior claims 1-14, and as further set forth in new claims 15-46, clearly patentably 
distinguishes over Thomson. 

As discussed in the Background of the Invention with respect to Fig. 9, the present invention 
is directed to a quadrupole type mass spectrometer, capable of carrying out high-sensitivity 
measurement over a wide dynamic range with a small and simple structure and under easy control. 
A high-fi-equency voltage of 1 to 5 MHZ and a DC voltage are applied to each pole of the 
quadrupole. This forms a specific quadrupole electric field in the diameter direction. Ions near the 
axis of the quadrupole electric field are vibrated in the diameter direction by Coulomb force, and ions, 



except for those of a mass and electric charge determined by the voUage values, are expelled out 
away from the axis. 

The present inventor has noticed that the motions of the ions in a Q-pole region are 
completely independent of each other in the diameter direction and in the axial direction. Various 
problems with respect to the prior art, furthermore, as discussed in the Background of the Invention, 
can be addressed by providing the ions with a force in the axial direction while maintaining the motion 
of the ions in the diameter direction so that the conventional function of mass separation is 
maintained. In other words, in addition to the initial axial motion applied to the ions that travel axially 
through the Q-pole region, the present invention controls the axial motion of the ions while the ions 
are in the Q-pole region and undergoing mass separation. 

It is noted that the present invention is reflected by independent claim 1, as originally drafted, 
and as now set forth in new independent claim 15. That is, the Q-pole mass spectrometer is recited 
as controlling the motion of the ions to be measured in the axial direction, advancing from the ion 
source to a collector, within the Q-pole region at the same time that the ions to be measured are 
subjected to mass separation in the Q-pole region by Coulomb force in the diameter direction 
generated by a quadrupole high-frequency field. 

In addition, new independent claim 3 1 reflects the present invention by reciting that the four 
poles, the ion source and the collector, in a reduced pressure gas environment, incorporate means for 
controlling the motion of the ions to be measured in the axial direction, advancing from the ion source 
toward the collector, at the same time that the ions to be measured are subjected to mass separation 
in the Q-pole region by Coulomb force in the diameter direction generated by quadrupole high- 
frequency field. 

The above features and aspects of independent claims 15 and 31 are neither disclosed nor 
suggested by Thomson. 

Thomson discloses a quadrupole that forms an axial DC field. This field can be created in a 
number of different ways, for example by tapering the rods, arranging the rods at angles to each 
other, segmenting the rods, resistively coating the rods, providing conductive metal bands spaced 
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along each rod with resistive coatings in between, forming the rods as tubes with a resistive exterior 
coating and conductive inner coating, or other methods. As discussed in the abstract, this can be 
applied to a quadrupole QO or a quadrupole Q2. 

However, as is clear from the Background of Thomson, as well as the discussion of the 
invention of Thomson, quadrupoles QO and Q2 do not subject the ions to mass separation. Rather, 
they are used for coUisional focusing for Q 1 and Q3 , respectively. And as is clear from the discussion 
e.g. from Col. 6, 1. 45, and col. 8, 1. 23, etc., Thomson contemplates the invention for use with 
quadrupoles QO and Q2, and not Ql or Q3. Generally speaking, the point of the invention of 
Thomson is to reduce delay in the introduction of ions to Q 1 and Q3 by improving QO and Q2. There 
is no disclosure or suggestion of applying these concepts of Thomson to Ql or Q3. 

The practical effect of this discussion of Thomson is to make it clear that Thomson does not, 
in fact, disclose or suggest controlling the axial motion of the ions while the ions are in the Q-pole 
region and undergoing mass separation as required by each of claims 1 5 and 3 1 . Claim 1 5 requires 
controlling the motion of the ions to be measured in the axial direction, advancing from the ion source 
to a collector, within the Q-pole region at the same time that the ions to be measured are subjected 
to mass separation in the Q-pole region by Coulomb force, etc. Claim 31 requires means for 
controlling the motion of the ions to be measured in the axial direction, advancing from the ion source 
toward the collector, at the same time that the ions to be measured are subjected to mass separation 
in the Q-pole region by Coulomb force, etc. In Thomson, the ions do not undergo mass separation 
in QO or Ql. Accordingly, it may be seen that neither of the independent claims is disclosed or 
suggested by Thomson, and indication of such is respectfiilly requested. 

To further emphasize the distinctions between the present invention, and the manner of 
operation of the present invention, the Examiner's attention is directed to the accompanying reference 
Figures 1 and 2, Figure 1 illustrates a method for applying voltage, and Figure 2 shows an electric 
field pattern. In Figure 2, the electric field pattern is shown with respect to each respective phase, 
i.e. ©t = 0, 7c/2, 7C, 3/27t. In both the Figs. 1 and 2, the upper part shows mass separation and the 
lower part shows focusing. 



- 10- 



When the phase is set as ©t = 0 in the electric field pattern for mass separation, an electric 
field exists in which an equipotential line is expressed around each rod. In Fig. 2, one equipotential 
line, for example, is expressed around each rod. By contrast, in an electric field pattern for focusing, 

an electric field does not exist. 

When the phase is set as (Ot = idl in an electric field pattern for mass separation, equipotential 
lines of the electric field are expressed around each rod as illustrated in Fig. 2. In the figure, four 
equipotential lines are expressed around each rod. In the electric field pattern for focusing, an electric 
field exists so that equipotential lines are expressed around each rod. In Fig. 2, for example, three 
equipotential lines are expressed around each rod. 

When the phase is set to rot = n, the electric field for mass separation has an equipotential line 
expressed around each rod. In the figure, one equipotential line, for example, is expressed around 
each rod. By contrasts, in the electric field pattern for focusing, no electric field exists. 

When the phase is set to rot = 3/27i, the electric field pattern for mass separation is such that 
an equipotential line is expressed around each rod. Two equipotential lines are expressed around 
each rod, for example. In the electric field pattern for focusing, an electric field exists so that an 
equipotential line is expressed around each rod, for example three equipotential lines as illustrated in 

Fig. 2. 

Looking again at Thomson, with reference to Fig. 11, the electric field pattern illustrated 
therein is similar to the electric field pattern for focusing when the phase is set as rot = idl and rot = 
3/27C. Also, the electric field pattern for focusing, when the phase is set as rot = 7t/2 and rot = 3/2ji is 
expressed similarly to the electric field pattern for mass separation when the phase is set to rot = nl 
and rot = 3/27i. However, this similarity is not important for distinguishing the electric field pattern 
for mass separation fi-om the electric field pattern for focusing. An essential feature of an electric field 
pattern for mass separation is that when the phase is set as rot = 0 or rot = n, the electric field is in 
existence, and the strength of the electric field is different between when the phase is set as rot = idl 
and when the phase is set as rot = 3/27i. Accordingly, the difference between the electric field pattern 
fi-om mass separation and the electric field for focusing can be explained only by using Fig. 2 in which 
the electric field pattern as shown with respect to each phase, i.e. rot = 0, 7i/2, Ji, 3/271. 



The electric field pattern for mass separation expressed in the upper part of Fig. 2 is generally 
for a Q-pole type mass spectrometer in which mass separation of ions by Coulomb force in the 
diameter direction, generated by quadrupole high-frequency electric field, is conducted. Thus it can 
be seen that the electric field pattern of the present invention, shown in the upper part of Fig. 2, is 
clearly different from that of Thomson as shown by Fig. 1 1 . Thus, the difference in principle behind 
the present invention and that of Thomson are further demonstrated. 

The Examiner' s rejection included a number of points regarding the various dependent claims. 
In view of the above clear distinction between the present invention and Thomson, it is not seen as 
necessary to go in to these differences at this time. However, applicant reserves their right to 
traverse all positions taken by the Examiner, and no acquiescence in any such positions should be 
taken. Applicant specifically traverses the Examiner's positions that (1) it is well known in the art 
that a space charge can be used to control the motion of ions in the Q-pole region in a quadrupole 
mass spectrometer (2) that it is well known in the art to utilize a magnetic field in mass spectrometers 
wherein ion motion is carried out using Lorentz force. 

In view of the above amendments and remarks, it is submitted that the present application is 
now in condition for allowance, and the Examiner is requested to pass the case to issue. If the 
Examiner should have any comments or suggestions to help speed the prosecution of this application, 
the Examiner is requested to contact Applicant's undersigned representative. 



NEP/krl 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 5, 2003 



Respectfully submitted, 




Nils E. Pedersen 
Registration No. 33,145 
Attorney for Applicant 
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SPECIFICATION 



Q-POLE TYPE MASS SPECTROMETER 



BACKGROUND OF THE INVENTION 1 



Field of the Invention 




The present invention relates to a mass spectrometer for measuring 
mass of gas molecule in reduced-pressure (vacuum) atmosphere. jMore 
particxxlarly, the present invention relates to a mass spectrometer which can 
be used in a relatively high pressure atmosphere of 0.1 Pa or more, a sihall- 



size mass spectrometer capable of measuring hirghrmass molecule at a]high 
sensitivity, and a mass spectrometer capable of measuring an ultra? fine 



amount of gas. 
Prior Art 

■ .1-.' ' - ^ * — .-r I 

A Q-pole tj^e mass spectrometer called mas? filter or quadrupole 



type mass analyzer^is capable of carrying out high-sensitivity measurem 
in a wide dynamic range with small/simple structure under easy control. 
Therefore,. Qjpole type mass spectrometer is a general mass spectrometer 
measurin^mass of^gas molecule. 



for 



The Q-pole t3^e mass spectrometer is comprised of an ion source for 



ionizing gas, a Q-pole for carrying out mass separation and a jioUectbr for 



detecting mass-separated ions. The Q-pole type mass^ispectrometerfis 



.^L.''^ . ^- ■;.■ 



actuated in a low pressure atmosphere of 0.01 Pa or less. ■■'-sK'''^.,. 



Fig. 9 shows a conventional Q-pole type mass spectrometer uiider 
ordinary operating condition. 



Four Q-poles^ (poles) are disposed in parallel at a high precision of 
micro order^ and ordinarily^ the length is 100 to 300 mm while an interval 



between opposing poles is 5 to 10 mm. A high-frequency voltagei V of 1 to 5 
MHz and DC voltage|f U are applied to each pole. Accurately speaking, the 
same V, U voltages are applied to opposing poles and -V, -U voltages are 

\ . . a \'- ■ ■ ■ ^. 

applied to neighboring poles. Consequently, specific quadrupole electric 



field (bipolar electric field) ^axQ formed in the diameter direction/ 

Ions existing near the axis of this quadrupole electric fields are 

■■■ . ■.. -^^■■■^^■■^■^^^;^^.- 
vibrated in the diameter direction by Coulomb force and ions except 

mas^lectric charge determined by the V, U values are expelled out of the 



axis. 



"1 ■ 



On the other hand, with respect to the potential in the'axial directiori^ 



0 



the potential is the same at any axial ^^tifeetLon- so that there is no electric 







field ^l osition change ) rate of potential) in the axial direction: ThiJLS/^ 
Coulomb force is generated on ion in the axial direction. The reasomw^ 
the same potential is produced at any axial oirectLon is that the four poles 



are united^ -a nd ti^io ^itnite d^^io iirt he same potential, and the voltag^^cioes 
not change depending on any position in the axial direction of thetpole. 
Thus, the same electric field is formed in a section vertical to the axis in any 

, ■■■■ " 1 . ■ ■ , :' -^'.i&^v- ■ ■ - 

axial direction so that no electric field is generated in the axial direction^ 7 

' . ... '■■■■---l-:^ ■ . .,1- 

Usually, the voltage of the ion source is raised above the potential of 

: ■■ ---^Si'--^ 

the Q-pole on the axis (center potential of the quadrupole electric field) by 
about 10 V and then/ ion is advanced in the Q-pole at a speed (10 eV) 
corresponding to linear energy of 10 eV. At thisjime, with respect to the 
diameter direction, only ion having specific massMiiarge continues to vibrate 
stably. Theiyonly specific ion passes the Q-pole so that it is detected by the 
collector and begomes a signal. The other ions which do not have the 
specific massYchargej:^ expelled halfway. Thus, the motion of ion in the 
diameter direction and the motion of ion in the axial direction are completely 



■■*?^^"'» " ■.,■■^1--, 



independent of each other in the Q-pole. ^ f 

By changing the ratio between V and U, mass/charge of ion, which is 
to be measured, can be selected andion of abouLl to 1000 amu (atomic mass 
unit) can be measured. However, to^parate^mass o^on with mass number 
M amu with sufficient resolution, ion needs to be vibrated at least 2^to 4 



times (M/0.5)*^ ^ in the Q-pole. That is, it needs to be vibrated 5 times^^at 2 



amu, 30 times at 50 amu, 50 times at 100 amu and about 100 times at 300 
amu. 

^ - . ■ ^ ■ - 

Therefore, it is necessary that the time within which the ion to be 



measured passes/he Q-pole is longer than tune required for this vibration, i: 

TTien^Jhe ion speed allowing mass separation to be achieved is 
determined by^elation between the length of the Q-pole an^^^-frequfency 

/ ■ ..... . . ■ ja., 

^ .- -T' -IT ^-7^ - . — ■- --j^-r-x;-r'^ ^, ■ - -'--i 

vibration number. For example, if the length of the Q-pole is 200 mm%nd 
the high-frequency vibration number is 2 MHz. necessary vibration number 
in all mass range is satisfied at a speed of 15 eV. Therefore, the speedxJfion 



capable of achieving mass separation is about 15 eV max. aridJJii^speed of 5 



to 10 eV is necessary to obtain a further sufficient resolution! 



The Q-pole type mass spectrometer is used in ^fehe*atm6sphere of 0.01^ 



Pa or less. If it is operated in a high-pressurie atmosphere of 0 .01 Pa or more; 
collision between the atmospheric gas andion occurs so as to obstruct proper 



measurement. This will be described below. 



The mean free path is an average distance in which ion or thejlike 
can advance without any collision with the atmospheric gas. ^And the ihean 



free path is inverse proportion to the pressure (density) of the atmosphere. 
In a strict sense, the meMi free path rSvjelati^g to the atmospheric gas, and 
size, mass and speed of ion, so that the mean fi:ee path depends on not only 
the pressure but also the kind of gas and ion speed. In -the Ar (Argon) 




atmosphere of 0. 1 Pa, the mean free path is about 120 mm for He ion (4 amu), 
about 60 mm for CO2 ion (44 amu)- and about 33 mm for large ion of 300 amu. 

If the mean free path of^on is smaller than the length of the Q-pole, 
for example, the atmospheric pressure is 1 Pa Aon passing the Q-pole always 
collides with the atmospheric gas, statistically speaking (on average):s|:;For 

y . ^ ■ i . . '-^^^ ' ■ 

simplification, it is assumed that the collision occurs front to front intthe 



axial direction (although /actuaUy>/ there component in^the^ 
diameter direction, they are offset by each other on average so that they can 
be omitted) 




If mass of ion is larger than that of the atmospheric gas, ion receives 
pressure of the atmospheric gas upon^coUisibn so that^ioh speed is 



(xednce d^Aaxg^y. Therefore, the ion speed in the axial direction drops each 



time \7hen- a collision occurs and finally^ ion is stopped ;in the Q-pole. 



However, there is no change in the vibration in the diameter direction.^Fig: 
10 shows this condition. lEfc ...B 



The deceleration rate decreases as the ratio of mass between ion -and 
the atmospheric gas increases^ That is, heavy ion is not^ decelerated str- 
much. On the other hand, ifmass of ionis smaller than the atmospheric g'as, 

ion is repelled after a collision so thatTon advance direction is. inverted.^ If 

(J^ ' ^ ^ ^ B/^l^ ■■■■ '-,,0 

the masses ofion and the atmospheric gas are the same, ion is stopped with a 

single collision. The change of the speed between before and after a 



■■■■ 

--' . ■ ^ ; 



collision is expressed by the following equation. i 
V2 = Vi (Mi - Mg)/(Mi + Mg) i ^ 

where, Vi: ion speed before collision, V2: ion speed after collision, Mi: mass of 

. ; y : ^ , ^ ; --^ r. 

. ■ " ■ ^' , ■ ■ " - i^t ■ ^. 

ion, Mg! mass of the atmospheric gas. 

" '>•■>' -.i 

Anyway, deceleration including stop and retraction ii^ generated by a 
collision with the atmospheric gas so that advance of ion in the Q-pole is 



hampered. Thus, usually, the Q-pole type mass spectrometer is used linder 
the-pressure of 0.01 Pa or less^in which the mean free path is longer than' the 



length of the Q-pole. 

Thus, for measurement of gas at a pressure of more than 0.01 Pa, it is 
requested to reduce the pressure in the region of the Q-pole type i mass 

■ -.^Br^--; ..^ V,.:. 

spectrometer by differential air discharge/ and to introduce the gas to be 
measured through an introducing pipe having a smaU conductance. '^SWit^ 
this complicated structure, [not oidy lthere J occurs a problem about cosf and 



rehability, buySIsytherQ occurS'Stteh a problem^that the concentration of gas 
to be measured^weakens-so that the sensitivity is deteriorated: | 'Although in 
most cases, industrially speaking, gas to be measured is in the atmospheric 
pressure, differential air discharge have* to be carried out through two or 
three stages. Thus, this is a serious problem. ; ^ SIf S 

Recently, an ultra small Q-pole tjTpe miass spectrometery which can be 
actuated in a high -pressure atmosphere of 0.1 to 1 Pa has been developed; 



Although, theoretically, this is the same as the ordinary Q-pole type ihass 
spectrometer, the length of the Q-pole is shorter by about 10 mm (1/10 the 
ordinary type) so that mass separation is achieved in a shorter distance;than 



the mean free path under 0.1 to 1 Pa. However, because the lengtMof the 
Q-pole is short, the interval between the poles needs to be less than Knim; 
and therefore, a required position accuracy of the Q-pole becomes very strict. 
Thus, currently, a sufficient performance cannot be achieved s6|.that 
difficulty and cost of production increase. 



On the other hand, the ordinary Q-pole type mass spectrometer has a 
serious fringing problem which deteriorates the sensitivity for high-mass 
molecule. The fringing problem is generated becausejelectric field near an 



end face (fringing) of the Q-pole is weaker and disturbed more than near the 



center of the Q-pole^aad called- end face electric field problem or end electric 
field problem >^$/^pecific ion, which is vibrated stably in the Q-pole having a 
normal electric field, turns to unstable traces and disperses in the fiinging 
area, ^hereby the sensitivity -beibg largely reduced. 




It has been known that while an influence of the entrance side (ion i 

■ill -■ 



source side) of the Q-pole or entrance fringing region is very large, tKefexit 



side (collector side) or the exit fringing region jnakoa Httle iniluenceim^^ 
reason is that mass separation is<»3?g&^ affected if the injection; direction 
and position of ion passing the entrance fringing region are deviated. But it 
is enough for the ion which passes the exit fringing region at least to enter 
the collector. , ^^^^^ 

It is considered that^lectric field is disturbed up to a distance equal 



to the pole interval outside and inside the Q-pole end face, so that it is 



considered that the fringing region becomes substantially twice the interval 
of the poles. Therefore, the Q-pole region in which the electric field is not 
disturbed is equal to a length obtained by subtracting the length of the 
fringing region from the length of the pole. ! 

The influence of the fringing problem is increased proportiohal to 
vibration firequency in the flinging region. Thus, the degree o^l^ 
influence is inversely proportional to the ion speed in the axial direction: 

* , ■, . ' ■ -■■ '^'^ ;^ '^'^^-^'.■''^Jf^■■■■ 

Thst is, if the ion speed is slow, time in which ion sojourns in the fimiging 

region is prolonged, so that unstable vibration is repeated^thefeby increasing 



the bad influence. It has been experimentally known that if the vibration in 



the fringing region is once or more, the bad influence is increased rapidly, 

It is known that ion having the same linear energy is slower jif^the 

msiss thereof is increased, so that the fringing problem becomes very serious 

. £ - - ... - . ^\ 

m ta5 



inxase of high mass. For example, if the length of the fringing regid^is 5 
/ 



mm and the high-frequency vibration frequency is 2 MHz, when the ion 



speed is 5 eV, 15 eV and 30 eV, the vibration frequency in the fringing region 
is 0.5 times, 0.26 times and 0.2 times at 2 amu, 1.7 times, 0.98 times ar^^^ 0.7 



times at 28 amu, 2.3 times, 1.3 times and 0.9 times at 50 amu, 3.2 time^* 1.7 
times and 1 time at 100 amu, 5.6 times, 3.2 times and 2.3 times'at 300^amu: 
That is, the bad influence of the fringing problem appears at 28 iamu o^aol^^ 




at 5 eV and at 100 amu or more at 30 eV. - v f ^ 

If the linear energy is increased, the sojourning time in the Q-pole is 



decreased so that the bad influence is reduced. However, the vibration 
frequency becomes short in the above mass separation so that a necessaiy 
resolution cannot be obtained. Thus, the linear energy of about 10^^ in 
which both the problems can be compromised is employed. However, under 



this condition, it has been known that the sensitivity drops to about 1/5 (one 
fifth) at 100 amu and about 1/100 (one hundredth^ at 300 ^mu;| 



■■..■■■.=.tll - - .j* ". 



Conventionally, various methods have been J considered^ a^ 



I .■■.-'!!". "> ■ 1-.-. J 



countermeasure for the fringing problem. According to Japanese Patent 
Ptxbhcation No. JP-B-40-17440, a Q-pole having plurkl sei^ent;^a<^^ 
having different raticr between high-frequency voltage and DC voltage is 
employed. According to JP-B-40-17440, in the Q-pole on the injectibSide; ^ 



by setting a large resolution, the fringing problem is reduced and by reducing 
the resolution successively, a required resolution can be obtained in a center 



new problem that performance is deteriorated by a disturbance of^electric 
field between the Q-poles of respective segments. In JP-B-40-17440, 
although the Q-pole is divided to the respective segments, the potential on 
the axis of each Q-pole is the same. Therefore,^ectric field in the^axial 
direction on the axis is zero and the ion speed in the axial direction is 




constant. 

" ■ ; ■ ■ . ' V ■.- 

According to Japanese Patent Publication No. JP-A-48-41791, a 

nozzle is disposed in the fringing portion. But there is a new problem-i 



JP-A-48-41791 that the nozzle disturb electric field (data that it is 1/5 at 100 
amu and 1/100 at 300 amu as ^before described is a residt of this noz^ 



system). ' ' ■ • - 




Instead of keeping the DC potential on the axis ibclthe Q^ole;^^ 
grounding potential, sometimes it is raised to 100 Y while thejpoi^ntiaiStS?!" 



ion source is kept at 110 V and the potential between the ion sburce^^l Q-^ 
pol e IS kept to 0 V. It is considered thaUpn may pass the fringing fegwii^t<5 
a speed as high as 100 eV, so that a bad influence is reduced; aufflion^^^^ bef 
decelerated in the Q^pole region and advance at a speed as low!as 10 eY< so } 
that mass separation is carried out properly. This is the realon w^thftj 
before mentioned combination of potential is adop ted instead of keeprnf^e, 
DC potential on the axis in the Q-pole at grounding potential!! 3 j iMj^^ l^l? 



/..^.-TiV.-;- 



However, actually, this method has not produced any effect. Sl^^ 

„ -Hi'f .. -'^-vMS*^; i'-H;!^ 

are two reasons for^ The first reason is that a large difference ist 



generated between the potential on the axis in the Q-pole and the i)otentiai 




out of the Q-pole, so that the DC potential component's disturbed 
/hereby the bad influence of the fringing is fiirther inten^ifi^d lSiiTie i^cond^^ 
reason is that, correctly speaking, a position whereJiMi is decelera^ i^^^^^^ 
within the fmiging region (near the ultimate end), buyiot witiiin the^ 
region. If electric field exists in the axial direction, ion is dec^lMrated^d^ 
the electric field in the axial direction is not completely uniifMm^in a section^ > 
vertical to the axis^bad influence is produced. That is, that position is^usR 
the fiinging region. Thus, under this method, the vibration ^quencyisnot 
reduced within the fiinging region. ' Particularly, this decelerating electric 



field is formed with A ssnaimetric electric fields comprised of the quadrupole 
electric field at the Q-pole and uniform electric field (nonr electric field) 
outside of the Q-pole, its section does not become uniform o o- that the electric 
field is ts^^^f^ disturbed. 



Anyway, conventionally, there was no effective countermeasure for 
the fringing problem and there was not any Q-pole tjrpe mass spectrometer 
capable of measuring high-mass molecule at a high sensitivity ^^P ■ 

In recent years, a three-dimensional quadrupole type mass 
spectrometer (named ^ "ion trap"), which is similar to the Q-pole type inass 



spectrometer in its operation principle, has been developed for actualfuseJ^ 
In ion trap, ions are not m ass -s ep ar at e d- a u ri n g^ira vehn g in a single direction 
like the Q-pole type mass spectrometer but remain^ in the same region of the 
three-dimensional quadrupole for mass separation. However, the principle 
that only ions having specific mass/charge are detected by high-frequency 



electric field and DC electric field in the three-dimensional-quadrupole is the 
same. These have been described in detail^ in Japanese Patent Publication 



v.^v . . ..... ..... .-..^..^ 



No. JP-B-60-32310, Japanese Patent Publication No. JP-B-4-49219tiand 



Japanese Patent Publication No. JP-B-8-21365. :: ; ^ ® 

In the ion trap, ions can be measured in a high-pressure atmosp^here 
of 0.1 Pa because they do not have to be moved in the axial directiori,f and yC^^ 



high-mass gas can be measured without deterioration of the sensitivity 

because no fringing (end face) exists. Further, by. condensation function in 

./...■..■ - 

which ions of specific gas are accumulated and other ions are removed, ultra:- 
small^amount gas can be measured. 

But, in the ion trap, ions sojourn^ in the same region, so that a 



. . ^ i IT- ' 



number of ions cannot be measured at the same time and its dynamic range 
is small owing to an influence of space charge. Further, in the ion trap; ion 



deposition and mass sweep are carried out alternately, so that complicated 
control is necessary and the ion source has no expandability. 




- Meanwhile, it io worthy that j n the ion trap, ion can be measuredrift a 
high pressure of 0.1 Pa. That is, even if ion does not move in thejabdal 
direction, ion is vibrated within the three-dimensional quadrupole, sojthat;^ 
practically speaking, a sufficient long path exists in the ion traqp:^ TMsj^ 
is longer than the mean free path under 0.1 Pa, and although; ion collides; 
with the atmospheric gas many times there, mass separation is achieved 
without any problem. This indicates that even if the ion, which is vibratLngf 
in a stable condition, changes its path owing to Jihcr" collision ; 



atmospheric gas, it maintains stable vibration, ^his point is quite different 
from a magnetic field deflection type mass spectrometer in wHich^i^ion l3face 
is changed halfway, necessary initial condition is lost so that following mass 
separation is completely impossible. ■^W'i'^''^' ^ 

As a unit spectrometer using the same principle /n : use 
quadrupole electric field as the Q-pole type mass spectrometer, a quadi^ole 



rail unit intended for non-contact holding and transportation of charged 
particles is available. There are some known methods. Jpt(eone is that the 



quadrupole electrode is tilted from horizontal face so as to shde charged^ 
particles toward the center axis of the quadrupole, that is to say to^sHde 



charged particles in the axial direction downward by j*^^ 
other method is that an insulator charged with the same polarit5rlas a 
particle is brought near the particle so as to move the partide in the^^al 
direction by its reaction force. 



■■■?>ai 



/In the method using gravity in the above described quadrupol^ail 
unit, mass ofparticle (charged particle) is larger than.gas molecule. That is; 
the quadrupole rail unit is not intended for mass separation of.gas moleciile, 



but is used for measurement of particles having a large mass or partides 
which are substance particles having a crystal /structure. If this particle 
(charged particle) is ionized gas molecvde (ion), time in which ion passes; the 
Q-pole region is prolongedlext remel;^ so that it is never|useg ^actually) as a|\ 
measuring device. -0%' -^"U-^^J'ifef 

In the method of using the reaction force against^ah insul^orf 



charged with the same polarity in the above described quadrupole rail^iit/| 
the charged particles injected into the Q-pole region must be pushed out of 



the Q-pole region by using a counter force of Coulomb force. As ai result^thS| 



quadrupole electric field is inevitably disturbed so that | prop err^ihassf^ 
separation is impossible. Further, according to this method, the driving 



mechanism is reciprocated along the Q-pole regioiy so that the charged 



particle cannot be transported out of the Q-pole region. Therefore;!!^ 



method is far fromj^feg^ractical use as a mass spectrometer. ---^^^^^^'m^: 



Although the quadrupole rail unit and the Q-pole type mass 
speedometer use *e same principle of usin. the ^uad^poflciMI 
the quadrupole rail intended for mainly non-cbntactH holding :&and 
transpoKatioa of la..e partides for investigation and the Q.|f typAl 



spectrometer intended for mainly continuous mass separatioh^foff 



" -MM 



measurement are completely different from each, other in termp of 
appHcation, function and structure. Therefore, appHcation of^pa^cle 
transportation method by the quadrupole rail to the Q-pole 2 type mass 



spectrometer is completely impossible from^^ewpoints of performance! and 



practical use. 



/ 



Under a high -pressure atmosphere of more than 0.1 Pa irilthe 



conventional Q-pole type mass spectrometer, ion collides withj^^the 
atmospheric gas so that the speed in the axial direction is reduced to zero, so 



that it is stopped in the Q-pole region and thus^ is not detected by a 

- ' ■ t 

collector. j| 

There is a known method of using gravity force or a counter force by 



bringing an insulator charged with the same polarity as that of p artide. tpl)e^ 

■- ■■■■ ■ : 



measured in the quadrupole electric field for transporting chaiged partides^ 
But continuous mass separation for gas molecules can not breamed .dv^by| 

the an^lcnown method. -^^'M' ^\u ^!&imy 

If ion is injected at high speed in order to reduce^ail'influerice of ari^^^^^^^^^^^ 
end electric field near a Q-pole end face (fidngingX which deterioratepiie|p 

jCt^ ^ -''"-^'^Sj -:^%:"">''; 

sensitivity of the Q-pole type mass spectrometer, ion passes the Q^pole^M^on|g.^^ 
at high speed, so that necessary vibration frequency cannot be obtaLn^ttid 
proper mass separation is not carried out. 



Further, there is also a probleinthat^condensation function can]^ be 
carried out so that ultra-smaU^moum 



, SUMMARY OF THEINVENTION ^ i l| : 

For the present invention, it4» noticed that the motions ot ion in jthe 



diameter direction and in the axial direction within the |Q-pol^^e 
completely independent of each other. 



The before described problems are solved by contro^ng^the motion of 




ion in the axial direction by various methods for providing with a force in_the 



axial direction while maintaining the motion of ioirin the diameter dij^onj 
so that the conventional function-fl^mass separation is maintained.. 




One aspect of the present invention is that, by applying.a firesh^ce^jj,- 
in the axial direction continuously or intermittently to ion whose^speed mthe, - 
axial direction is recced or decelerated such that it is ^^^^^^^^^^^ 
Q-pole region (reduction of the speed in the axial direction of ion|and 



: *r.- 



deceleration within the Q-pole region are induced by a collision with^the 
atmospheric gas), the ion is accelerated and kept;trfadvanci^, so that the ion 



is detected by the collector. 



Another aspect of the present invention is that, by applying a firesh 
force in the axial direction within the Q-pole region taion injected at atlugh^ 
speed in order to reduce a bad influence of .fringing problem,^ion ' is 



decelerated, or decelerated until it is almost stopped, so that proper inass ? 
separation is carried out. J> 'v^^^ 

^ -FJP^rther aspect of the present invention is that, by providing Mafef 
condensation function in which only ion of specific gas (idtra-%mallyam6unt « 
gas) is accumulated (kept to sojourn within * the Q-pole Tregion)ji:i^ 




removing the other ions by adjusting the speed of the ion in the^axial 
direction to almost zero within the Q-pole region, a process for ihjectu^ifc^e 
accumulated specific gas (ultra^small^mount'gas) to the side of the collector 
is executed intermittently. -'^^ ■y^ '^^fl^--^^ 



■V:. 



The present invention employs/ following means as >|means| for 



controlling the motion of ion in the axial direction. |^ 
1) Coulomb force generated by^ electric field formed by:f four ; Q-poles 
composing the Q-pole tj^e mass spectrometer, so constructed that four Q- 



poles have air^qual DC potentials except DC voltage/ U at the jsame 



position in the axial direction of each Q-pole of four Q-poles, while jM^ach; 
Q-pole oLfour Q-poles has different DC potentials" depending oh their 



positions in the axial direction. 1^ ft : H 

2) Reaction force generated by a collision between the ion to be measured and 
the atmospheric gas. ^ j ; f 

3) Control on motion of ion to be measured in the Q-pole region in the axial 
direction is carried out by setting thelength of the Q-pole, kind and pressure 



of the atmospheric gas, potential of the ion source and potential of the Q-pole 
on the axis so that the ion to be measured is capable of passing the Q-pole 
region without receiving an additional force in the axial direction withirirthe 

Q-pole region. |^ C 

4) Coulomb force generated by space charge formed in the Q-pole regiotf bjr^ 

ion to be measured. 

5) Lorentz force generated by high-frequency magnetic field sjoichrc^us 
with quadrupole high-firequency electric field applied in the diameter 
direction. 



6) Electromagnetic induction force generated by magnetic field changing m 



its intensity wi^^ne passage, apphed in the diameter direction. 

The above described respective means may be \ employed 



independentiy or in combination. For example^t is permissible to control 
the motion o^ion in the axial directi^by onl^Coulomb force generatg by 
electric field or control the motion of io^i the axial direction by combing 
control b^'^ectric field with control bj^p ace charge. 

According to the present invention, the motion x)f ion to be measured 
is controlled within the Q-pole region by various methods : in the axial ; 
direction, which is independent of the motion of ion in the diameter direction. 

mass separation under a high-pressure condition of more than|0.1 
Pa il^^blediAnd. further, continuous mass analysis of gas molecule is^so^ 

enabled. ■ ' ^. "'^■'>^- -r^^^^^^ 

Also, according to the present invention, an influence of the fringing; 




problem can be reduced, and^high-mass gas can be measured at a piigbt: 
sensitivity. Further, . ultra- smaUyamount Tgas can be \ meastiredf by, 
condensing specific ion. ^ ^ 1^ 



The conventional ultra^small "Q-pole type mass spectrometer capable 



of being actuated under a high-pressure atmosphere indicated in the prior 
art in this specification requires strict accuracy rfe** position becauseJ^the 



interval of the Q-poles has to be smaller in proportion to the length thereof 



According to the present invention, the interval of ^e Q-poles may be 
the same as conventionally, that is, the same accuracy^er- position as that of 



the conventional Q-pole type mass spectrometer may be accepted: 



Further, because the length of the Q-pole may be reduced to bms of | 
several parts of that of^conventional Q-pole ty^e mass spectr<)meter^ihefi 
same accuracy -fer- position can be achieved tremendouslj^; easily. I^The 
problem -- about t he accuracy in position of the Q-pole, which is a serious 



obstacle in terms of performance and cost in the conventional Q-polettype 



mass spectrometer, can be solved by the present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS ^ ' 



Fig, 1 is a schematic diagram for explaining a first embodiment of the 
present invention. 1^ 

Fig. 2 is a schematic diagram for explaining a second embodiment of 
the present invention. M 



^' 'Ml':'- 



Fig. 3(a) is a schematic diagram for explaining the structure^bf a 



third embodiment of the present invention, and Fig. 3(b) is a dia^am 
showing the motion of ion in the embodiment of Fig. 3(a), " ^ | 

Fig. 4 is a schematic diagram fdr explaining a fourth embodiment of 
the present invention. ^ ^ - 

Fig. 5 is a schematic diagram for explaining a fifth embodiment of the 
present invention. - 

Fig. 6 is a schematic diagram for explaining a sixth embodiment of 

.*- ■ 

the present invention. , ^ 



Fig. 7 is a schematic diagram for explaining a seventh embodiment of 



the present invention. O..^^ 

Fig. 8(a) is a schematic diagram for explainin^ccumxilation mod|of ^ 
an eichth embodiment of the present invention, and Fig. 8(b) i( ajsche^tic 
diagram for explaining detection mode of the eighth embodiment o^e^^ 

present invention. 

Fig. 9 is a schematic diagram for explaining a conventional Q We ^ 
type mass spectrometer nkder^kTatmospheric pressure of less than O-Ol^a! 

Fig. 10 is a schematic diagram for explaining the conventional Q-pole 
type mass spectrometer under ^^^tmospheric pressure of abm^| Pa.|.^ 



' r.-a '.f.-IJ'^;'' ' 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, the preferred embodiments of the present invention -will 
be described with reference to the accompanying drawings. j::^^ ^ 

[First Embodiment] 

Fig. 1 is a schematic diagram for explaining a first embodiment ^h^ 
present invention. The Q-pole type mass specta:ometei^ |t|h^^ 
described in this embodiment can be actiiated in a hi&h-PyfSS^tanos^re.r^ 



u ■■tTT':,-^ 

..... n"^^-. - 



and is capable of measuring high-mass ^^olecule^ a higgensi^^.f 
Contirol ot motion offi^ to be measured in tiie Q-Pole! r§ion in^al^ 
direction is carried out by Coulomb force generated b^electidc|^ld forn^||| 
four Q-poles composiim^ Q-pole typfe mass specta:omete^ |o|oi|^or| 
Ofeatjach Q-pole of^ur Q-poles has different DC pote|i|s||^e| J 
resp^ve positions in the axial direction, while they have,an equ&DC ; r 
potential excei^DC voltage/ U at the same position in the a>dal direcl^ of 

each Q-pole ofiour Q-poles. .i.- ; 

The basic structiire of the Q-pole type mass spectarometer <Cthe 



present embodiment is the same as a conventional one, so that description 
thereof is omitted. The length of JJr€' Q-pole 1 can be designed 100 to;300 
mm like the conventional Q-pole type mass spectrometer. 

The Q-pole type mass spectrometer of this embodiment is different^ 



from the conventional one in that spiral-like resisting thin film 3 is foriaied 



on the surface of the Q-pole 1. Ah insulating thin film 2 is sandwiched 



.... ,v- ■■■ . 



between the resisting thin film 3 and the surface of the Q-pole l:rA portiohy; 



indicated by reference numeral 8 in Fig. 1 is a position' at which resisting'^ 



thin film 3 is formed. - 



According to this embodiment, the width of the resisting thin filih^3 is| 



substantially the same as the width of foundation exposed surface (P^ygf 
without^thin film V*** which the surface of the Q-pole 1 is :expibsed)^^)C| 
potential of 200 V is applied to an entrance of the resisting thin film 3 |and 
DC potential of 100 V is applied to an exit thereof. 



The four Q-poles 1 have the same structure, so that the potential in 



the Q-pole 1 decreases at a specified rate along the axial direction, that is 

from the entrance to the exit. For this reason, filectric:field is formed^^ the 

■ of : ^ ^ ^ ^ 

axisiirthe Q-pole 1 in a direction in which ion advances with respect toj^the 

a " ^ fi^ .r— — --^'^^^ 

axial direction^ so that Coulomb force is apphed to ion, (thereb y/ the i6n\ being 

accelerated. vi^ 2^ 



According to this embodiment, 200 Vis applied to an ion source 4 and 
0 Vis applied to a collector 5. > 

On the other hand, V, U voltages are applied to the Q-pole 1 hke^the^ 
conventional Q-pole type mass spectrometer. The DC p^otential isJO ; V/ 
Thus, witlv respect to the diameter direction, quadrupole ^^ 



1^ / r^^^ : ^7^^ 

d by V, U voltages from the foundation exposed face (place without thin 



film 3>«r which the surface of the Q-pole 1 is exposed). But, air entire 



.-'■^^_:'...r- 



potential of the quadrupole electric field is changed depending onfthe 
position of the Q-pole in the axial direction, since the DC currents fron^the 
resisting thin film 3 are overlaid (multiplexed) according to ^^^^^htion^ 
principle of th^ electric field. ;S 

Thus, ion is accelerated in the axial direction and mass is separated 
in the diameter direction. (In this embodiment, the exposed face for the^DC " 
potential and V, U vdltages is divided to halves, an absolute value of^the^ 
electric field is half case where the entire face is an- exposed faee- for; V, U^^^ 



. ■ ■- ' ^ -■ ■■ ^ . . ■ ■ ^ 



voltage). 

. _ ■ "■' ' ■ ■ , h .. - ^ . - 

In this embodiment, the pressure of atmospheric gas is aboutSl|Pai 
which 4a^^^ exceeds the limit of a case where tfie Conventional Q-pole^T)e';^ 
mass spectrometer is used. h 

Under this pressure, mean free path ofLion is within 10 mm, soMib^^a^ 
ion always coUides with atmospheric gas in the Q-pole 1. For this reason^ft 



I "XT'. '.. Mb . - : 1 




ion is/ decelerate d jltemp or aril}^ in the axial direction just after it coUides^as :S 
shown by reference numeral 9 in Fig. 1. However, in the Q-pole tjrper masSp 



spectrometer of this embodiment, the ion is acceleratexl bs^thP^^^^ 



aforementioned Coulomb force immediately. The accelerat<M ion collides 
with the atmospheric gas and the deceleratioi%acceleratioh are repeated 
that the ion advances at not so high-speed in the Q-pole 1. ^ 



The collision occurs 20 times or more in the Q -pole? 1 having ^ 



diffierence of 50 V between both ends thereof according to this embodinaerii^ 
Thus, for example, advance speed of Jon having the same mass as that of 
atmospheric gas reaches^. 5 eV (= 50/20) maximum^ so that mass separation 
isfcarried ouSsufficienti^. 

The deceleration degree is small for. heavy ion. But the advance 
speed of the sartlheavy ion can be suppressed to low by decreasing voltage 



I?: 



b 

; 

r* ; 

f 

I: r 
r 
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gradient or increasing mass of the atmospheric gas. w 

On the other hand, in an entrance fringing region 6 having a length 
of about 5 mm shorter than the mean free path, mog^ions pass at a speed as 
high as 100 eV without coUision. Thus, none ofjbad influence of fringing is * 
produced/j tion, which passes the exit fringing region 7 at 50 eV, is detected} * 



by the collector 5. 

As described above, the Q-pole type mass spectrometer of phis ^ 



embodiment can be actuated in a high pressure atmosphere^ and measure |# 
high-mass molecule ^a high sensitivity. ^ 



■■V. tf^/i ■ 



As a modification of this embodiment, the same operation can|be > ; : 
carried out by making the area of the resisting thin film 3 on the surface of 

'1..- . -. ■ ^- ■ 

the 0-Dole 1 sufficiently larger than the foundation exposed face or forming J 
the entire fece of the Q-pole 1 -fej^ the thin film 3, and at the same tiine, 



overlaying (multiplexing) V voltage and U voltage on the thin film 3 in 
addition to the DC potential. l|c 
[Second Embodiment] II - 

-Fig. 2 is a schematic diagram for explaining a second embodimeiit of 
the present invention. The Q-pole type mass spectrometer which willO)e : 

described in this embodiment is capable of measuring high-mass molecule-atf/ rf A? 

^ s ■ - ' ••■ ■ ■ 

a high sensitivity. Control o^if motion of ion to be measured in the Q-pole 

region in axial direction is carried out by Coxolomb force generated bv electric 



field formed by four Q-poles composing the Q-pole type mass spectromet^-a©:; 
,€oaetn ictBd Lha fe'each Q-pole oOour Q-poles has different DC potentials 
-*ei» respective positions in the axial direction^wlule they have an equal DC 

potentia^exceptpC voltagef U at the same position in the axial direction of 

each Q-pole o|^four Q-poles. 

The Q-pole type mass spectrometer of this embodiment is diEferent 



- 'i " * 



19 - m. 



from that of the first enJDodiment only in that conductive thin fihn 10 is, 
added to the Q-pole 1, «ad? voltage application condition is different, and4fcet> 
the pressure of the atmospheric gas is less than 0.1 Pa. The other parts;and^ 
conditions are.same as those of the first embodiment. > 

In the Q-pole type mass spectrometer of this embodiment,pthe|v 
conductive thin film 10 is formed smrally in th| center of the Q-pole l,^th^ 
an instdating thin film 2 interposed betweeii^the surface of the Q-pole 1:^ On| 
both ends of the Q-pole 1, the resisting thin film 3 is formed spirally witli the > 
insulating thin film 2 interposed between the surface of the Q-pole 1. In Fig. 

2, portions indicated by reference numerals 8^ are portions at winch^ 

' ' ' '^'0^''^' 

resisting thin film 3 is formed spirally. Portions' indicated by reference; 

numeral 11 are portions at whicVMnductive thin film 10 is formed spiraUy. 

^ ' ■ : ■ 

"mien, 200 V is applied to the conductive thin film 10 in the center and (KV is| 

applied to (the ^both) extreme ends of the resisting thin film 3. ] 10|y is j 
applied to the ion source 4 and 0 V is applied to the coEector 5. - ^ : 
In the resisting thin film formed portion 8 near the entrance on the: 
left side of Fig. 2, the potential in the Q-pole 1 increases at a specified rate in; 

-•: '-'i^: - ■ .1..: . 

the axial direction, that is, from the entrance up to a place ;,whe]^the| 
conductive thin film 10 is formed, conversely to the case: ^of" the jjabove^^ 

For this reason, ^ electric fieldyin ■a« yojppo^ te 

• / ■ ■ - \ '--0sM ''^■.wW'--^-- 

direction to the direction of ion advancement is formed on the axis in tiie, Q-| 
pole 1, so that^oulomb^ acts oirion from the opposite directioi^Jh^ebjr:r 

the ion-beWdecelerated. ^^^11^ An'-' 

At the resisting thin film formed portion 8 near the entranceMon 
which has passed the entrance fringing portion 6 at a speed ks high asfllO 



eV without being badly affected by fiinging is decelerated up to 10 eV, wliich 
is a speed -^whichf separation -o ^as^c an be achieved, by an electric- ^eld 



inverse to the advancement direction. 

In the Q-pole type mass spectrometer of this embodiment, most ions 



advance at a speed as low as 10 eV in the center without colliding with^the 



atmospheric gas, because^ pressure is less than 0,1 Pa^ P V JiS ^ 




Under the conditions such asJse d/isuall^^ , ^^^^ speed is decelerate d^v J 
to less than 20 eV/sep ar atioi yef^mas^ can be achieved. -^^^^ : 

reaches the resisting thin film formed portion 8 near; the exit on S # 
the right side of Fig. 2 is accelerated by an electric field in the a:dvancemen% ^ 



direction^ like the previously described embodiment 1, so that it passes;^an^|0 
exit fidnging portion 7 at a speed as high as 100 eV and is detected by|tlie^^^^ 



collector 5. 



Therefore, in the center portion, sufficient /isep aratiori^; ^ ^^?^] 
carried out without being subject to .bad^influ^oe of the fringing poMori^K^ 
Thus, high-mass molecule can be measured^alTa hiph sensitivity. 

^As^ modification of this embodiment^^'-thie can be actuated in ■ £iihigh^ ' : 



pressure atmosphere of about 1 Pa if the thin film portion in the center is 



formed of the resisting thin film 3 like the first embodiment^so as to prbvide^l 

svife potential gradient. '-^ '^-^^W^^^'^^ 

[Third Embodiment] 



Fig. 3(a) is a schematic diagram for explaining a third embodirae^^ of 
the present invention. The Q-pole type mass spectrometerfwhich 



described in this embodiment can be actuated in a high-pressureslatmosphere^^ 
and controls motion of ion to be measured in the Q-pole region iiOL the-axial'^^^^ ^ 
direction by reaction force generated by a collision betweeriithe ion :tO : be ^^ 
measured and the atmospheric gas. ! i! 



The Q-pole type mass spectrometer of this embodiment his the same 
structure as the conventional Q-pole type mass spectrometer excS^pt thal^the 



ion source 4 and the collector 5 are so constructed that gas passes through 

and carrier gas flows there. 

/ ^ it. 

The pressure of the atmospheric gas as the carrier gas is about 1 Pa; 

w- 

The carrier gas flows in the Q-pole in the direction of ion advancement as 

* ■ 

indicated by reference numeral 14. 




In the Q-pole tj^pe mass spectrometer of this embodiment, ion 
receives reaction force each time w^t^ it collides with the carrier gas, so that 
a path 15 of the ion advances along a flow of the carrier gas with repeated 
collisions and stops as indicated by reference numeral^ 16, as shown in Fig. 

3(b). . •. ■ ■.■1/': 

That is, ion generated in the ion source 4 enters the Q-pole region 
with the flow of the carrier gas and advances at a speed lower than 20|eV, 
which is a speed capable of achieving mass separation, in the axial direction. 



Then, mass separation is carried out by quadrupole electric field in^ the 
diameter direction. 



In the Q-pole type mass spectrometer of this embodiment^ftby 
emploiying.an entrance electrode 12 and an exit electrode 13 each haviiig a 



narrow nozzle as shown in Fig. 3(ia), distortion of tlie electric Jfield in ;the 



fringing region is reduced and the flow speed of the carrier %as infthe^ 

ijbad i 



feinging region is increased, so as to reduce had influence of the frinSinet 
problem. 



[Fourth Embodiment] 

Fig. 4 is a schematic diagram for explaining a fourth embodiment of 
the present invention. The Q-pole type mass spectrometer which wiU be 
described in this embodiment can be actuated in a high-pressure atmosphere 
and is capable of measuring high-mass molecule lat a high sensitivity. 
Control o^ motion of ion to be measured in the Q-pole region in the axial 



direction is carried out by setting ^gr^conditions- aboufr the length of the Q- 
pole, Jcijid and pressure of the atmospheric gas, potential of the ion source 

/ 

and^otential of the Q-pole on the axis. 

The Q-pole type mass spectrometer of this embodiment is the same as 
the conven^aal one excepj^DC voltage appUed to the ion s^^ce 4, Jength of; 
the Q-pole, kind and pressure of the atmospheric gas and potential of the Q- 

' ■ . . ^ '■■Jim i^-^'^w 

pole on the axis. 



^^-v* ■■■■ ■■ 



More specifically, the ion source 4 has 60 V, the length of. the Q-pole 
is 200 mm, the atmospheric gas is He of 1 Pa and the potential of the Q-pole T 
on the axis is 0 V. 

For example, He charged in a cylinder is introduced into a pressure 
reduced atmosphere through a flow rate variable valve so as to maintain a 
He pressure of 1 Pa. 

In the Q-pole region^ion collides with He ^'^^^^ atmospheric gas, so 
that as indicated by reference numeral 16 of Fig. 4, ion is decelerated while 
repeating collisiorr and stop. At the initial phase in tibe entrance fringing 
region 6 in which4he collision do^^ not occur so often,ion moves too fastJS At 
the final stage in the £xit fringing region 7. after a number of the collisions 
occur, the speed of ion remains so that ion reaches the collector 5 arid is. 

* J / 

detected thereby. 



But, He or H2 ions^having the same or smaller mass than He of the 
atmospheric gas is* stopped completely or returned by the collision. Thus, 
according to this embodiment, gas having the same or smaller mass thari the ' 
atmospheric gas cannot be measured in principle, et&a gas of the same or - 



larger mass than the atmospheric gas can be measured. i - ^^ 

To achieve this action, respective conditions such a^the length of the 



Q-pole and pressure of the atmospheric gas and potential of the ion 

/I / 



sour^^ and the Q-pole on the axis have to satisfy a certain relation. 
is, if ion speed is too fast, mass separation is impossible, and if it is too slow; 
ion can not reach the collector 5. Its necessary condition is obtained fr6maii% 



equation of geometric series with a reduction rate obtained from an equation 
(V2 = Vi(Mi - Mg)/(Mi + Mg)},ahcmt speed change before and after a collision as 



a common ratio. However, upon calculation, it must betnoticedltiaat 



vibration in the diameter direction is included in the mean free path bfjioni §3 



In ^practical use, many kinds of gases or ions each having a largely 
different mass are measured, it is difficult to determine the strict necessary; 
conditions. 



t n 



However, with the conditioi^of this einbodimentr it; isfpossiblS tcr 
satisfy necessary vibration frequency for a wide range of 10 to-500 amujso as|p 



to achieve proper mass separation. 



£-<(.■ . .---It-- 



More specifically, with the conditioi^of this embodiment as th^trifbre 



described, the vibration frecjuency necessary for the above-mentioned pr(^^ 
mass separation is satisfied so that about 40 times is satisfied uiiider 50 amufe 



. -m^- . .... 

about 60 times under 100 amu, and about 110 times under 300 amu. Iri^his 
Q-pole, appropriate deceleration is achieved so that colfisions occur abqtit 5 



times under 50 amu, about 15 times under 100 amu and about 50 times?|^ 



under 100 amu. 



Further, according to this embodiment, ion passes- the entrance 




fl .'Pit':-- -;. .• ■■^'it-^^St^- ■■-■''^ 



fringing region 6 at a speed as high as 60 eV, so that little bad influence of 
the fringing problem occurs, thereby making it possible to measure. High- > 
mass molecule «t a high sensitivity. As the speed of ion passing | the - 
entrance fringing region 6 increases, the possibility that it may be affected by 
bad influence of the fringing problem decreases. If it is set that^on passes 
the entrance fringing region 6 at a Speed higher than 30 eV, ion receives 




Utile bad influence of the fringing problem. | 

If ^ to be measured is limited to a small mass range, it is possible to 
optimize condition so as to improve resolution. If the atmospheric gas is Ar 
of 0.1 Pa, ion collides about 50 times around 300 amu and the vibration 
frequency reaches about 250 times. j)J 'y: ^ 




[Fifth Embodiment] 

Fie 5 is a schematic diagram for explaining a fifth embodiment 6iy;he| 
present invention. The Q-pole type mass spectrometer which 
described in this embodiment can be actuated in a Mgh-pressure atmosphere;: 



Control oflfmotion of ion to be measured in the Q-pole region' in the axial 
direction is carried out with Coulomb force generated by space charge formed 



in the Q-pole region b^ion to be measured. 

The Q-pole mass spectrometer of this embodiment is the same ai^the 




conventional Q-pole mass spectrometer exceptpDC voltage applied to eaich of 
the ion source 4, Q-pole. 1 and collector 5. 

More specifically, 200 V is applied to the ion source 4, 100|V; is ^ 
applied to the Q-pole 1 and 0 V is appHed to the collector 5. Consequ^tly, ^ , 
as shown in Fig. 5,^Sotential on the axis in the Q-pole region is lower jfiian ^l 
potential on the axis in the entrance fringing region and higher|^an|q 




''-mm 

potential on the axis in the exit fringing region. 

Any kind and pressure of the atmospheric gas ar^ permitted if ioii is 
stonned finaUv in the Q-pole region by collisions. fAb'^Lhl 



pressure slightly higher than the pressure of the atmospheric gas employed 
in the above-described embodiment can be considered and^fonc example7i;the 



pressure of He can be set to 10 Pa. ^ ^ 

in the Q.po.e „ass spec— of this e«hoa.e„t^o| is stipe. 



and sojourns in the Q-pole region by collisions with the atmospheric gas. | If 
injection opon is continued, potential by its own charge o^ potential b^ space 
charge is(forme ^uccessi vd.j^ In the initi^condition/hill-Uke space charge 
(potential) is formed around a plaice where ion is stopped and sojourns, t 

If the foot of the hilLof Space charge (potential) reaches both fringing 
regions after injection of^mn is continued, the shape of the space char^ejv. 
(potential) begins to^chaiige to a dide having a downward gradient m a^^^^^ 
direction in whichfion should advance. This reason is that while ^ion- 



reaching the exit firinging region 7 flows out to the side of the collector^ 5 .by; 
electric charge on the axis directed outward b^^otlectorjpotential^on|: 
reaching the entrance fringing region 6 sojourns ih the Q-pole b:;^el^aM| 
charge directed inward (rightward in Fig. 5) by the potehtial*of thi%on 




source, 



'IF' 



^-^v.■^■^?f',-^ 



Although ion is restricted by vibration in the diameter directibrqi in 



/ 



the initial condition un^er which the sUde-shaped space charge (pbtei^ 
has not been formed, ion is not restricted by anything in the axial directionj 
so that it is capable of moving freely on the axis: Therefore, ions|iarer^' 





;h it^wn electric charge. . ■ \:r&-f^M^^^^^^ 



Under the slide-shaped space charge (potential)^t^ ion 4rec^es| 



Coulomb force in^teorward direction with respect to the axis direction, j Thus, 
after ion injected into the Q-pole 1 is decelerated and stopped by a collision 

with the atmospheric gas, it is accelerated again by this Coulomb force, so 



that it passes the Q-pole 1 while it is subjected to mass separatmn, and tMn i^ 
is detected by the collector 5. 



Although Coulomb force by space charge is applied in the diameter 5; 
direction, this is ncj^ problem for measurement^ because t^^eed component 
of several eV in the diameter direction is allowed due to operating principle 
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of the quadrupole type spectrometer. In this embodimen^ion does not 
receive any influence-rf the fringing problem^ because it passes the entrance 



fringing region 6 at a speed as high as 100 eV. 

[Sixth Embodiment] 

Fig, 6 is a schematic diagram for explaining a sixth embodimeiit of 



the present invention. The Q-pole ts^pe mass spectrometer ^which wiQtbe . 



described in this embodiment can be actuated in a high-pressure atmosi)here:^| 
Control oy( motion of ion to be measured in the Q-pole region m the axial ^ 
direction is carried out by. Lorentz force generated by > high-freqiiehcy - 
magnetic field synchronous with'/quadrxipole high-frequency electric|fieldf 
applied in the diameter direction. .■■-M^. ! 

The Q-pole type mass spectrometer of this embodiment is the same as 



the conventional Q-pole type mass spectrometer except that coils 17^ for 



generating^agnetic field are disposed above and below the Q-poles 1. 
"^e^^agnetic field generated from the coils 17^.^3^formed sue 



magnetic force hnes 18 are directed vertically with respect to the diameter 



direction in the Q-pole region. Thus, ions vibrating in the right andsleft 
direction with respect to the diameter direction intersect the magnetic^force 
lines 18, so as to produce^Lorentz force in the axial direction. ^The magnetic 



field is nigh-frequency magnetic field whose direc^n changes rapidly,' and 
the phase of the high frequency is synchronous with V voltage apphed to the 
Q-pole 1. Thus, each time when ion reciprocates by yibration, the direction^ 
of the magnetic field changes/ so that the direction 6f Lorentz force applied to: 
ion vibrating in the same phase is always constant. ; ■ 0 

Therefore, after^n is decelerated and stopped by a collision with the 
atmospheric gas as shown by reference numeral 16, it passes the Q-pole 
region receiving a forward force^ while it is subjected to mass separation^ 



Although the vibration phase of hal^ions is of the same phase as thi 
V voltage, the remaining ions hav^ opposite phase. Thus,^^^ half^ions 
advance and are measured properly while the remaining half ions reixact. 
However, this is no problem jon measurement. 

Practically, there is a deviation of the phase between ionl/iajid/ 
magnetic field, so that it is preferable to adjust to optmium phase .by ^ 
providing -witib- a phase converter. Further, it is preferable to adjust|the 




direction and frequency of the coil to optimum ones, since the vibration 
frequency^o:^im differs depending on the vibration direction. 

r bad influence of the magnetic field on niass separati^ 
begins to occur from 200 Gauss, and its resolution is deteriorated to^alf at 
300 Gauss. Therefore, the size of the magnetic field to be t applied is; 
preferred to be within 200 Gauss. . : ' #; 

If -witfei indispensable condition that the pr^issure of the atmospheric 



gas is high, the voltage of the ion source 4 is raised to 60 to 200 V so , as to 




allow ions to pass the entrance fringing region 6 rapidly, th€^high-inass 
molecule can be measuried at a high sensitivity. ; \ 5 



[Seventh Embodiment] 
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Fig. 7 is a schematic diagram for explaining a seventh embodiment of 




the present invention^ The Q-pole type mass spectrometer of ; this 
embodiment can be actuated in a high-pressure atmosphere. Control o 
motion of ion to be measured in the Q-pole region in the axial direction is 
carried out bj^ectromagnetic inaction for^e^^enerated b;^ magnetic ^eld 
changing in its intensity with ^teme passage, appHed in the diameter 
direction. # 

The Q-pole type mass spectrometer of this embodiment is the sanife as 
the conventional one except that coOs 17 for generating magnetic field are 



disposed slightly above the right and left positions of the Q-pole 1. 

The magnetic field from the coils 17 is formed such that the magnetic 

, ' ■ ' * ■' ... 

force lines 18 are directed in the diameter direction in the Q-pole region: 



The magnetic field is a sawtooth shaped magnetic field wMch repeats^qpuick^^^ 
increase and ^ow damping, so that"e][ectromagnetic induction fbrc^H^ ^ 
generated bsrmagnetic field changing in its intensity with-tim^passag^is ; ^ 
appHed to-^^ons. This electromagnetic induction force vis tiknown^ 



Jl . • , . ■ . ■ ^.v. ^^^^^^ ^^^^ 



T4 



phenomenon of eddy current generated in a conductive plate oh whichfAC^?^ 
electric field is applied. 

As ion in the Q-pole can move freely in the axial directioh; it receives 
a force in the axial direction by electromagnetic induction forces 

The direction of the electromagnetic induction force by the; slow 
damping is forward, so that^on receives a fbrce-^the forward directi.oii for a 
long time so that it advances along a long path. On the other hahdMhe 



■.iw. 



electromagnetic force generated by the quick mcrease in;^ the opp^bsite^^^?^J 
direction is not applied for a long time, so thatj^ctual path in the opposite 
direction is short. This reason is that although any path for advg^ce^and;^^^ 



retraction is given by a product of the mean free path ah number of 



.. ■ u ■ ■ 



collisions, the numj)er of coUisions is larger in the forw^^ direction. 

Although^^^Uision speed (energy) is larger in case of retraction, it 
does not contribute to increase of the path which is lost by the collision. 
Thus, on average^jon always receive a force inj;he forward di^ection^ \^ 



Then,^on generated from the ion source 4 is decelerated and stopjped 



by a collision with the atmospheric gas as shown by reference numeral ^16; 
and receives a forc^ in the forward direction by the electromagnetic induction 
force 19. After^n passes a path indicated by reference numeral 15, it 
passes the Q-pole region while it is subjected to mass separation andi^^then 



. , , . .. , 
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reaches the collector 5, /| 

According to this embodiment, the direction, frequency and phase of 

the magnetic field may be arbitrary, ^y^^^ ]( 

If .^^indispensable condition that the pressure of the atmospheric 
gas is high, the voltage of the ion source is raised to 60 to 200 V so as to allow 
ion to pass the entrance fringing region at high speed, high-mass molg^e 
can be measured-afra high sensitivity. 
[Eighth Embodiment] 

Fie 8 is a schematic diagram for explaining an eighth embodiment of 
the present invention. The Q-pole type mass spectrometer which will be 
described in this embodiment can be actuated in a high-pressure atmosi^ere|;f 
and is capable of measuringvltra-smalljgmmin^s. Control o^ 
Oa^ ion to be measured in the Q-pole region inj'^aal direction is earned o^by^^ 
Coulomb force generated by^ctric field formed by four Q-poles composmg 
the Q-pole type mass spectrometer, /soLcoPStructed'^ that each^-pole (^£our|?:|;, 
Q-poles has different DC potentials it-tbew respective position in the-axial|g^ ■ 
directionv while they have an equal DC potential excep^ DC voUagef 
same position in the axial direction of each Q-pole o^our Q-poles. 

Five erovips of conductive thin films are provided on the Q-pole. 
These conductive thin films cover the entire surface of the Q-poles soJthat| 
there is no exposed foundation foce. Independent and variable DC vol^g^| 
and common V, U voltages are applied to each of these conductive thin films, ^ . 
respectively. The potential on the axis of the Q-pole is 0 V while r 
applied to the ion source and 0 Vis appHed to the coUector. The structure of 
the Q-pole type mass spectrometer of this^ embodiment is the same a^the 
case of the second embodiment excep^^ese points. Meanwhile, |the 
pressure of the atmospheric gas is set to 1 Pa. 
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The Q-pole type mass spectrometer of this embodiment! has 
accumulation mode and^etection mode. The DC potential to be applied to 
the conductive thin film differs depending on the mode. li^ the 
accumulation mode,^ ofj^pecific gas O&a-^maU^ount'^'g^^^^ i^^^ 
accumulated and othler ions are removed. In the detectiok^^odeio ffi 
executed intermittently ion of&ndensed specific gas (vMctMa^^SS^^Si 
gas) IS detected. r ^ ^ > r > 

In the accumulation mode shown in Fig. 8(a) DC potential of 1()0 V, 
90 V. 90 V, 90 V and 120 V are applied to the conductive thl film fijS mi 
end of the Q-pole (near the ion source). That is, there Is no po^al 
gradient in the Q-pole and potentials near both ends in the Q-pole are highei:- 
Thus, ioi^enerated by the ion source pass^ the entrance fringing regibn at 
a speed as high as 110 e\f and after tha^ M^celerated in the Q-pole rSoii; 
so that mass sep aration is carried out. However^ because the concentSion 
of specific gas jultra-smaUj^mount'ias) to be measured is low, the quantity ^f 
ions of the specific gas (ultra ^^ am u uH t-sasjLsubjected to mass separation 
is very small. Thus, eyen if ion is injected firom the Q-pole region il^the 
direction to the coUector, it is buried in background n6ise so that it cannot £e 
detected as a signal. 



- '-i.r - * 



In the Q-pole type mass spectrometer of tiiis embodinient, there is no 
potential gradient in the Q-pole, so that ion repeating the colHsion with'the 
atmospheric gas loses motion in the axial direction finally, and it is stuped 
completely. But, ions a^^ected into the Q-pole successivSy from t^on 
source^therefore ions ofspecific gas. are accumulated near th^centeiy s^iat 
the concentaration thereof is increased ^w^^e^passa^ or ioi^^ 
condensed. A repulsive force by space potential is appHed tcpie conS^eii 
ions. As the potential is high near bbth ends in the Q-pol^Sis cpntiii& to 



.,>U'. 



be collected near the center in the Q-pole. That is, ions of specific gas (ultra ^ 
v^^moll a inett nt gas) -to be measxired sojourn in the Q-pole. fS: 

After the accumulation of ions is carried out for a predetermined time 
A^^ons of/specific gas to be measured sojourn in the Q-pole region)^ the 
detection mode is selected. 



When the detection mode shown in Fig. 8(b) is\ selected^DC 



potentials of 100 V, 85 V, 70 V, 55 V and 40 V are appUed to the conductive 
thin film from an end of the Q-pole (near the ion source). AltJioughtllie^^^^ 
potential on the surface of the Q-pole is gradual, continuous potential ^ 

, . ^ ' '"'^Ct': ^;t^^: 

gradient is formed by relaxation of space charge on the axis and potential ;l 



change. Thus, ions of specific gas accumulated near the center in the Q-pole^ 



are injected from the Q-pole toward the collector so that they are detected by 




the collector as^lectric signal. ^^^^^^ 

Ions are injected firom the Q-pole at least If^ss than 10*^ seconds!! " So 
the amount of signals detected at that time becomes larger than xi^uilw' # 
by more than 10^, therefore ttn influence of background noise can be omitted:f 



However, although the background noise can be omitted, the amduM^^o^^ 
signals obtained by A measurement often becomes insufficient^arid therefor^' 



the detection mode is^ctuated intermittently so as to increase'the amount of 
signals. That is,-iH-tTO operating-fene, the accumulation mode is acti\^ated 



for a secondj and the detection mode, which is executed intermittently, is 
activated for lO-^ seconds. Then, by repeating this cycle, data processing is 



carried out so as to execute addition. 



Thus, according to the Q-pole type mass spectrometer of |this 

irgas, which cannot be measured i».ordinar^ 



EHsmall^gmount^gas, which cannot be measured ie^ordinary 
method, can be measured. 



If a signal is buried in the background noise in every measurement, 



the signal cannot be recognized as a signal even if addition by data 
processing is repeated. Thus, the operating time setting in- the 
accumulation mode is determined based on/fact that the signal incre^es at 



least more than the same level as the background noise. - P 

According to this embodiment, |h^onductive thin film which can 
cover the entire face of the Q-pole is employed as thin^filmMThe 
resisting thin film and spiral shaped thin film may be used like the firsthand 
second embodiments. The resisting thin film may be act^atid t^KrS 
higher pre^re atmosphere Welaxing a quick change of tlilpotentiaSo ai. 
to reduc^^sturbance of ions or providing >with^ potential gra^ent. 
Although the spiral-like thin fihn has -sueh- an advantaged fiiat the W U 
voltage only has to be appHed to a single position, si high'j^vel tiii^Eam 
production technology is required. Meanwhile, it is permissible to usea 
pole divided^ plural segments without using any thin film^ althouglTit is 
difficult to secure its accuracy. I ? 



Althou^ the preferred embodiments of the present inventinri^'ha^l^e 
been described with reference to the accompanying dra^vings■ the present 
invention is not restricted to these before described embodpients, iSjtlie 
present invention may be modified in various ways within ^ technical scope 
grasped by a description of claims of the present invention. 1 3' ^ 

->■■ 

For example, the motion of ion in the axial direction mthin tffi Q- 



polyregion can be controlled by executing the control methodlfM tlie ^iion 

^ . ... 



of ion in the axial direction within the Q-pole region descri^^ in the above 
respective embodiments independently, as weU as/ by executing tlie control 
methods for the motion of ion in the axial direction wit^ the Q-pole region 

described in the above respective embodiments in combination: § 

/Uv t ■■■■ ■ 
According to the present invention, the motion of ion to be measured 



is controlled within the Q-pole region by various methods in the axial 
direction, which is independent of the motion o£ion in the diameter direction; 
^nrerebyv mass separation under a high-pressure condition of more than 0,1 
Pa iSu envied and fiwthei^ continuous mass analysis of gas molecule^s^also 
enabled. 




Also, according to the present invention, -a»- influence 
problem can be reduced, and high-mass gas can be measiirei^€t%:£^MgliM^ 
sensitivity. Further, ultra smalL^amount gas can be > measured S by '\ 
condensing specific ion. S 

According to^he present invention for controlling the motion of ion in 



the axial direction,^f olio wing three effects can be* obtained. 

/ 

1) High-voltage action^ . 

2) Reduction of nStrinfluence ^ the fringing problem ^ *^ ^^^^ 




3) Condensation o^specific ion ♦ : ^pSf^ 



These three effects have a very dose relationship witJi: each other- 



Thus, to secure one or two of these, or three at the same time,€thiB 
embodiments described in this specification may be combined by modifying 



them. 



For example, to obtain the effects of the aforementioned 1) and 2) at 



the same time, 200 V is applied to the ion source 4, in the first embodiment, 
so as to allow ion to pass the entrance fringing region at a spieed as high as 
100 eV. However, it is permissible to allo>;^ion to pass the entriance fringing; 
region at the same speed of 10 eV as conventionally by appljriiia 110 V to the 
ion source 4. In this case, although the effect of 2) is lost, mechamcalfand 
electrical load on the ion source is reduced wlule the effect of 
maintained. 

In the eighth embodiment, the effects of the aforementioned 1), 2) 



.■ t/'^--' ' ■ -V;. 



and 3) are obtained at the same time and the operating pressure is :1 Pa, 
while the potential near the center of the Q-pole is 90 V. ^Howev^the 1 
operating pressure may be less than 0.1 Pa and the potential neiir the center^ 
of the Q-pole may be 99 V, which is near the potential (lOOi vJjifc^ ^^^^S 
the ion source) of the Q-pole. In this case, although the effeclroi^e al^ft 1^ 
is lost, the effects of the aforementiioned 2) and 3) are maintauwsd. E^n^ i^ 
the effect of 1) is eliminated, a large advantage that the nec^sity o^|tti|^ 
pressure control is eliminated^can be obtainet^if this embodir^nt is uS^f 
the specific application. IHS 



In the first embodiment, a constant voltage of 100 V isf appliedS^th^ 
exit side of the resisting thin film 3 and the effiect of the aforementioMS 3) S 
does not exist. However, if this voltage is set to 200 V for a second aiidllOOi 
Vfbr 0.001 seconds repeatedly, the effect of 3) can be obtained. ' fc 

Although the length of the Q-pole is 100 ^o SOdtmrni li]^;hei| 
conventional Q-pole type niass spectrometer^ in all^ the abo^ 
embodiments in this specification, the present invention is not resfec^ 



this length. Although the length of the Q-pole is .indaspenskhM^ 



obtaining a sufficient vibration frequency in the conventional^-i)ole^|rpe 



mass spectrometer, according to the present invention, it c^ri^e reciuS t^ 



less than 100 mm if an appropriate condition is selected. IPa^c^Laly' m| J 
other embodiments than the third and fourth embodimentiM^tlie mlsen^^ 



invention, the speed of ion in the axial direction within the Q^ble regi^^mi 
be controlled fireely or the speed of. ion within the Q-pole^^e^on'^^& be 




sensitivity^ even with a Q-pole of 50 mm or less. Therefore, according tithe 
present invention, it is possible to provide a smaU Q-poie|'type ^^^ss 



spectrometer using a Q-pole shorter than conventionally. W 

* " > .'-o " - ■ . 

The conventional ultra-small Q-pole type mass spectrometer capable 

ot bemg actuated under a high-pressure atmosphere indicatod in tho^prior 

. ^^Z* ■ ■ ' ■ -^^^^^ 

art in this specification requires strict accuracy-fai- position 'becaxi;^ the 

interval of the Q-poles has to be smaller in proportion to the length thereof. 

This IS an important problem for actual use, ^ 'Si^ i^ 




According to the present invention, the interval of tlie^^oles itlay be 
the same as conventionally, that is, the same accuracy i!Kn)6sition as iJi^t^^ 
the conventional Q-pole type mass spectrometer may be accepted. ^ - 

Further, because the length of the Q-pole may belMuced; t^^^^ 
-several par of that of conventional Q-pole type mass sp^rbmet^ S^^^ 

/f .. . ... , ^ ■ -v^^ 

same accuracv:-*Mr- position can be achieved tremendouisly; : ^sily 
problem-abottt- the accuracy 4»-T)osition of the Q-pole/ whichtis a 'sSnou^ s 

- '" - .. ■■ ". t'':\ 

obstacle in terms of performance and cost in the conventix)nadf Q-pol^l^^ 
mass spectrometer, can be solved by the present invention, i*^ ** ' 



CLAIMS 




What is claimed is: 

1. A Q-pole type mass spectrometer installed in 
atmospheric gas, characterized in that the motion of ion to be^measSpd^ m 
the axial direction advancing from ^nion source^o the side (^Ta coU<S£ 



controlled within a Q-pole region while the ion to be measured is- subje^cl to 
mass separation by-Goutomb force in the axial direction|gener£rted by: 




quadrupole high-frequency electric field. 

2. The Q-pole type mass spectrometer according to claim 1, 
characterized in that upon control on the motion of ion to be measured in the 
axial direction within the Q-pole region, after the ion to be measured is 



ABSTRACT 

A Q-pole type mass spectrometer can be used under Biigh- 

pressure atmosphere of more th^. 1 Pa ic provided. ThSid-Q-p^ i^e I 
mass spectrometer can analyze^^s of gas moleculf conSislyM Irf 
^arate mass properly even i^s injected at high speed flier ^ffi' 
^ v^i^nce^^c ^6. electric field near an end face (fringi^f th^^ Sj^ 

^^^^ inventi on , it \^ notiooJ Lhat ^e motion of w|to be measured 
in tlie diameter direction is independent of the motion ^blin flx^S 
direction within the Q-pole region of the Q-pole type mass silom^tS Int 
the Q-pole type mass spectrometer installed in a :riuid pSlel 
atmosphere, the motion of .io/ to be measured in ttieMal^lStil^ 
advancing from an ion souryoward a coUector^s controul ithi| 11 p 
pole region so as to separatees of the ioi/to be measured ScLuloMlii 
generated by a quadrupole high-firequency electric field il C diSellfc^^^ 
direction. , 



